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Abstract 
Ultrasonography has been used for decades as a reliable diagnostic tool to detect fetal anomalies. Aside from 
technological improvements, image quality has become significantly better. The latest form of fetal 
ultrasonography is four-dimensional (4D) ultrasound that provides real-time imaging capabilities with 
impressive image quality. As 4D ultrasonography is becoming widely used in the perinatal screening of fetal 
anomalies and detection of fetal behavior, the debate of this device’s accuracy is still ongoing.One key factor 
that determines the accuracy of 4D ultrasonography in assessing fetal behavior is the experience of the user in 
fields of fetal anomalies and the associated behavioral characteristics. This paper will tackle the topic of 4D 
ultrasound accuracy in detecting fetal behavior and screening for underlying pathologies. 
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Introduction 
Fetal movement and behavior are important ultrasonographic characteristics that could inform the clinicians 
about several structural and physiological functions of the fetus. (1) 
As scientists became more aware of fetal growth and embryological phases, the need for objective 
evaluation of the fetus during the perinatal phase has become crucial to address some preventable complications. 
(2) However, this task was challenging due to the exceptional susceptibility of fetuses to most X-ray beams used 
in the field of radiology. (3) 
When the ultrasound machine was first introduced, healthcare professionals were skeptical about the effects 
of the sound waves on fetal development and organogenesis; however, and after several decades of research and 
clinical application, ultrasound machines seem to be completely safe. (4) 
At first, these devices were mere black and white images that look like random chalk drawings to the non-
trained eye. The quality of the images and accuracy of these devices were also mediocre, especially when 
dealing with low frequencies and deeper tissues. 
As the technology of ultrasound advanced, the new machines provide high-quality images with exceptional 
accuracy, which allowed physicians to detect fetal abnormalities early on in the course of the pregnancy. (5) 
These devices facilitated the objective evaluation of fetal behavior and movement to screen for any abnormal 
finding and address the issue accordingly. 
In this paper, we will comprehensively cover the technology of 4D ultrasonography, its role in detecting 
fetal behavior, and the accuracy of the collected findings. 
 
4d Ultrasonography 
Unlike 3D ultrasound, which allows the observation of fetal anatomical structures as static 3D images (6), 4D 
ultrasonography provides clinicians with live streaming videos of the images that show the motion of fetal heart 
(e.g., endocardium, valves, blood flow). In simpler terms, this machine adds motion to the static images 
produced by 3D ultrasound. It uses either a 2D transducer that rapidly acquires 20-30 volumes or a matrix array 
3D transducer is used. (7) 
When it comes to advantages, 4D ultrasound offers similar features as the older model (i.e., 3D 
ultrasonography) with the added motion to various hollow organs. As of the time being, researchers are still 
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experimenting to decipher the clinical value of this technology relative to older models. (8) 
The primary disadvantages to 4D ultrasound include the production of higher levels of energy with potential 
side effects to the fetus, the longer duration of ultrasound sessions, and the unreliable results when the operator 
did not receive professional training in this field (using the 4D ultrasound machine does not require a certificate). 
(9) 
 
Fetal behavior during early weeks 
Fetal movements are generally felt by pregnant women as a sign of development in size and strength. Initially, 
these movements are uniquely felt by the pregnant woman; however, and over time, others can also perceive 
them. (10) 
Oftentimes, healthcare professionals advise being aware of these movements, as they transmit a sign of fetal 
well-being. 
For instance, a reduced fetal movement can be a warning sign of fetal impairment, which warrants further 
investigation by the healthcare provider. 
The very first fetal movements felt by the pregnant woman are generally called quickening, which can be 
considered a warning sign to the woman that she has a fetus growing inside of her uterus. (11) 
The timing of quickening is typically limited between the 16th and the 22nd week of gestation. In addition to 
these movements, the pregnant woman will experience other presumptive signs of pregnancy, such as flatus, 
peristalsis, and abdominal cramping. (12) 
Note that multiparous mothers generally sense fetal movements earlier than primiparous women by an 
interval of 4-6 weeks. In most cases, the healthcare professional will be able to externally sense these movements 
around the 20th week of gestation, which is considered a positive sign of pregnancy. (13) 
During the third trimester, however, being aware of these movements becomes even more critical, as it’s the 
time windows where several structural and physiological functions go array. Most doctors will recommend 
keeping a notebook to document the movements of the fetus, their nature, and any fluctuating patterns. (14) 
The primary sign to look for is a decrease in fetal movements, which historically, have been linked to fetal 
demise. Therefore, the assumption is that if a woman notices a decrease in fetal movement, there is an adverse 
event with the fetus that can be avoided by the proper interventions.  (15) 
Several studies aimed to confirm the connection between decreased fetal movements and some disrupted 
physiological parameters, such as placental functioning, uterus abnormalities, fetal growth restriction, tight 
nuchal cords, and fetal demise, in an attempt to prevent these complications before they occur. (16) (17) (18) 
According to one study, researchers demonstrated a connection between the high incidence of poor fetal 
prognosis and decreased fetal movement during the third trimester. (19) 
Consequently, healthcare organizations released a series of guidelines that indicate an urgent evaluation of 
pregnant women who notice decreased fetal movement. 
However, these guidelines do not come without problems, as the increased number of prenatal visits could 
place a toll on the healthcare system. (20) 
The healthcare provider needs to remember that some pregnant women are better (i.e., more vigilant) at 
detecting fetal movements than others. For this reason, there is a dire need for other objective methods that can 
convey relevant clinical results of the fetus’ anatomy and physiology.  
This is where the role of ultrasound becomes apparent, as it provides relevant and reliable data about the 
intrauterine cavity, fetal movements, organ development, and behavioral characteristics. 
 
The assessment of fetal behavior of growth-restricted fetuses by 4D sonography 
The primary source that allowed researchers to understand the development of fetal motor behavior has been 4D 
ultrasound, which can offer real-time visualization of the fetus or videotapes for later observation. (21) 
One study attempted to assess the possibility of observing the dynamic movements of the fetus during the 
first and second trimesters using different imaging techniques and concluded that It’s not feasible without the 
technology of 4D ultrasound. Additionally, clinicians can also obtain significantly higher image quality, as the 
4D ultrasound allows the visualization of the whole fetus. (22) 
The identification of measurable indicators of fetal behavior that mirror the development of the central 
nervous system, as well as the peripheral nervous system, is one of the primary goals of fetal neurobehavioral 
research. (23) However, there are no unified assessment methods to evaluate fetal neurobehavioral development.  
The importance of ultrasound is based on the currently believed theories that neurobehavioral functioning 
measured in full-term neonates and infants does not start after birth but rather during the intrauterine phase, 
which further emphasizes the importance of 4D ultrasound.  
With that being said, the construction of a unified fetal neurobehavioral assessment during the intrauterine 
phase is not warranted at the moment due to scarce normative data that document the prognosis of these babies. 
For instance, factors that precipitate intrauterine growth retardation (IUGR) also boost the process of 
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neuromaturation, which excludes the “all-or-nothing” aspect from the equation. Evidence of accelerated 
neuromaturation ‘‘as a progressive response by variable degree’’ in IUGR pregnancies is also seen with auditory 
evoked responses. (24) 
According to Pettigrew and coworkers, when analyzing the mean conduction times in 25 preterm small for 
gestational age (SGA) infants and 76 appropriate for gestational age (AGA) infants, the first group had 
significantly shorter conduction time in brainstem auditory evoked responses (i.e., a higher degree of 
neuromaturation). (25) 
Furthermore, Henderson-Smart confirmed this finding by stating that preterm AGA infants born to 
hypertensive mothers had mean conduction times between those of SGA and AGA infants born to non-
hypertensive mothers. (26) However, peripheral nerve conduction times are similar in AGA and SGA infants.  
In one study, scientists analyzed 6 facial expressions, 5 hand movements, and 3 head movements, and 
noticed that fetuses with IUGR are less active compared to control groups. (27) 
In another study, Roodenburg noted that inhibition is an extremely important sign of central nervous system 
development and that most research reports less activity as the fetus becomes older. According to resources, 
advanced gestational age makes fetuses move one time every minute. (28) 
When we reach the third trimester, the ‘‘hand-to-head’’ movement becomes predominantly more prevalent 
than other movement patterns. While the fetus is able to move his hands to other body parts, the only time we 
consider this movement to be intentional is during the postnatal period. 
By the 32nd week, the “hand away from the body” movements are predominant, which reflects tactile 
proclivity and neural maturation. 
An additional difference that occurs after the 37th week is the reduced frequency of the ‘‘hand to face’’ or 
‘‘hand to head’’ movement. Researchers hypothesize that this behavior aims to conserve energy in preparation 
for birth. 
Significant trends in fetal eye movement organization can also be observed during the second half of 
pregnancy, especially during the third trimester, and eye movement patterns sensitively reflect the activity of the 
neural control system. The earliest eye movements appear at 16–18 weeks of gestation, as sporadic movements 
with a limited frequency.  Moreover, some movement patterns occurred more frequently than others. (29) 
Researchers stated that isolated eye blinking patterns appear more frequently and begin to consolidate at 
24–26 weeks’ gestation. (30) 
One study found a slight difference in the frequency of isolated eye blinking between normal and IUGR 
fetuses. Those IUGR fetuses seem to blink the eyes less frequently than normal fetuses. (31) 
Scientists also noted characteristic behavioral patterns in fetuses with IUGR. In fact, 11 cases of IUGF 
showed a poor repertoire of fetal behavioral patterns (e.g., 3 have abnormal cardiotocography findings, 4 
affected by preeclampsia, 1 has periventricular hematoma, 1 has meconium). (32) 
According to Ferrari and Prechtl, monotony and lack of complex movement sequences are the hallmarks of 
a poor repertoire. (33) 
 
The accuracy of 4D ultrasonography in determining fetal behavior 
Researchers are still debating about the accuracy of 4D ultrasonography in detecting fetal behavior to predict the 
prognosis of these fetuses and plan a therapeutic approach. (34) 
However, and due to the relative freshness of this technology, there is scarce evidence to confirm or revoke 
its accuracy. 
As discussed above, numerous behavioral patterns can be objectively identified by the 4D ultrasound 
machine, which can later be dissected after recording the tape to analyze every frame of the video and aim to 
detect abnormal behavior. For instance, eye and head movements are excellent predictors of brain development 
and peripheral motion. (35) 
Additionally, experts believe that monitoring fetal behavior during the perinatal phase can predict the 
development of the central nervous system and the peripheral nervous system, as well as to detect any structural 
or functional abnormalities. This allows neuro-pediatrician to detect early perinatal neurological damage and 
develop appropriate treatment plans. (36) 
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Figures 1 and 2 demonstrate the behavioral pattern of the anencephalic fetus and showcases the characteristic 
head and hand movements. 
The accuracy and reliability of these devices in determining fetal behavior has been a topic of debate for 
several years with two schools of thoughts; the first group believes that 4D ultrasound cannot be uniquely relied 
on to come up with any conclusions about the neurobehavioral developments of the future, as well as its 
prognosis. On the other hand, the second group advocates for the use of 4D ultrasonography in the field of 
perinatal screening for disease in order to organize a precocious plan that improves the outcome of these babies. 
(38) 
In summary, there is not sufficient evidence to support any of these hypotheses, but researchers are 
optimistic about the potential uses of 4D ultrasonography in the field of obstetrics. (39)  
We conclude that further research is warranted to objectively assess the accuracy of 4D ultrasound in 
determining fetal behavior.  
 
Conclusion  
The 4D ultrasound technology is a fantastic tool that allowed physicians to detect fetal development, which 
improved the overall prognosis of fetuses with serious anatomical defects and also helped in the prediction of 
neurobehavioral abnormalities. 
The use of 4D ultrasound to get real-time images of the fetus’ movement and behavior in response to 
different internal and external stimuli is expected to reach more areas around the world to increase the efficiency 
of prenatal and perinatal screening in the detection of any abnormal findings. 
When it comes to accuracy and reliability of 4D ultrasound in detecting fetal behavioral abnormalities, the 
data is scarce, and search is highly needed. 
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